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Note 8: All CDRH/IEC entries must be YES or PASS. If not. laser power must be reduced. 
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Note 1: If this entry is highlighted (red) then the value exceeds the specified value for 


and make the necessary inner radius adjustments in Cells G215 to G254. 




Note 2: This entry is not used in the box design, but it gives an indication of the box 


dimensions that would be established by the width of the tops of the mirrors. 
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*** Modified Exposure Angles to Correct for Post-processing Residual Gelatin Swell *** 
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*** CDRH/IEC Calculations to Verify that the Scanner Meets the Laser Class Requirements *** 










All else being equal, the slowest scan lines (largest angle B) will be the worst case scan lines. 
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Paverage is the sum of the overlap Pi x ti products divided by the sum of the ti times times the duty cycle 
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GEOMETRICALLY SPECIFY THE VOLUMETRIC (E.G. PHYSICAL) 
DIMENSIONS OF THE SCANNER HOUSING OF A HOLOGRAPHIC 
BIOPTIC LASER SCANNER TO BE DESIGNED INCLUDING THE 

POSITION AND SIZE OF A PAIR OF VERTICALLY AND 
HORIZONTALLY ARRANGED SCANNING WINDOWS FORMED 

THEREIN 



CREATE A 3-D SOLID GEOMETRY MODEL OF THE OPTICAL BENCH 
OF THE SCANNER AND THE SCANNER HOUSING SUPPORTED 

THEREUPON 



GEOMETRICALLY SPECIFY THE GENERALIZED 3-D STRUCTURE OF 
THE LASER SCANNING PATTERN AND SCANNING VOLUME TO BE 
GENERATED FROM SUCH SCANNING WINDOWS, INCLUDING 
SCANNING PERFORMANCE PARAMETERS (E.G. VOLUMETRIC 
DIMENSIONS OF THE LASER SCANNING PATTERN, LASER BEAM 
SPOT SIZE) OF THE LASER SCANNING PLANES PROJECTED 
THEREWITHIN, AS WELL AS THE FOCAL ZONES OF THE SCANNING 
PATTERN REQUIRED TO READ A PREDETERMINED SET OF BAR 
CODE SYMBOL STRUCTURES 



© 



FIG. 7A 



0 



SELECT AN ARCHITECTURE FOR A HOLOGRAPHIC LASER 
SCANNING PLATFORM TO BE DESIGNED AND REALIZED UPON THE 
OPTICAL BENCH WITHIN THE SPECIFIED SCANNER HOUSING 



CREATE A 3-D SOLID GEOMETRY MODEL FOR THE HOLOGRAPHIC 
SCANNING DISC AND EACH LASER SCANNING STATION IN THE 
HOLOGRAPHIC SCANNING SYSTEM 



INTEGRATE THE 3-D SOLID GEOMETRY MODELS OF THE SCANNER 
HOUSING, OPTICAL BENCH, HOLOGRAPHIC SCANNING DISC, AND 
LASER SCANNING STATIONS TO FORM A 3-D HOLOGRAPHIC 
LASER SCANNING SYSTEM 



SYMBOLICALLY EMBED A FIRST LOCALLY-DEFINED HYBRID 
CARTESIAN/ POLAR COORDINATE SYSTEM WITHIN THE 3-D SOLID 
GEOMETRY MODEL OF THE HOLOGRAPHIC LASER SCANNING 
SYSTEM, IN ORDER TO SPECIFY THE PROPAGATION OF LASER 
BEAMS GENERATED FROM THE LASER BEAM PRODUCTION 
MODULE OF LASER SCANNING STATION NO.1 THROUGH THE 
FACETS ON THE HOLOGRAPHIC SCANNING DISC, AND OFF THE 
BEAM FOLDING MIRRORS ASSOCIATED WITH THE LASER 
SCANNING STATION, THROUGH THE BOTTOM SCANNING WINDOW 
FORMED IN THE SCANNER HOUSING. WHOSE COORDINATE 
REFERENCE SYSTEM IS INDICATED BY R LOCAL1 



FIG. 7B 




B5 



B6 



B7 
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SYMBOLICALLY EMBED A SECOND LOCALLY-DEFINED HYBRID 
CARTESIAN/ POLAR COORDINATE SYSTEM WITHIN THE 3-D SOLID 
GEOMETRY MODEL OF THE HOLOGRAPHIC LASER SCANNING 
SYSTEM, IN ORDER TO SPECIFY THE PROPAGATION OF LASER 
BEAMS GENERATED FROM THE LASER BEAM PRODUCTION 
MODULE OF LASER SCANNING STATION NO.2 THROUGH THE 
FACETS ON THE HOLOGRAPHIC SCANNING DISC, AND OFF THE 
BEAM FOLDING MIRRORS ASSOCIATED WITH THE LASER 
SCANNING STATION, THROUGH THE BOTTOM SCANNING WINDOW 
FORMED IN THE SCANNER HOUSING. WHOSE COORDINATE 
REFERENCE SYSTEM IS INDICATED BY R LOCAL2 



I 



SYMBOLICALLY EMBED A THIRD LOCALLY-DEFINED HYBRID 
CARTESIAN/POLAR COORDINATE SYSTEM WITHIN THE 3-D SOLID 
GEOMETRY MODEL OF THE HOLOGRAPHIC LASER SCANNING 
SYSTEM, IN ORDER TO SPECIFY THE PROPAGATION OF LASER 
BEAMS GENERATED FROM THE LASER BEAM PRODUCTION 
MODULE OF LASER SCANNING STATION NO.3 THROUGH THE 
FACETS ON THE HOLOGRAPHIC SCANNING DISC. AND OFF THE 

BEAM FOLDING MIRRORS ASSOCIATED WITH THE LASER 
SCANNING STATION, THROUGH THE SIDE SCANNING WINDOW 
FORMED IN THE SCANNER HOUSING. WHOSE COORDINATE 
REFERENCE SYSTEM IS INDICATED BY R LOCAL3 



I 



SYMBOLICALLY EMBED A FOURTH LOCALLY -DEFINED HYBRID 
CARTESIAN/ POLAR COORDINATE SYSTEM WITHIN THE 3-D SOLID 
GEOMETRY MODEL OF THE HOLOGRAPHIC LASER SCANNING 
SYSTEM, IN ORDER TO SPECIFY THE PROPAGATION OF LASER 
BEAMS GENERATED FROM THE LASER BEAM PRODUCTION 
MODULE OF LASER SCANNING STATION NO.4 THROUGH THE 
FACETS ON THE HOLOGRAPHIC SCANNING DISC, AND OFF THE 

BEAM FOLDING MIRRORS ASSOCIATED WITH THE LASER 
SCANNING STATION, THROUGH THE SIDE SCANNING WINDOW 
FORMED IN THE SCANNER HOUSING. WHOSE COORDINATE 
REFERENCE SYSTEM IS INDICATED BY R, 



x LOCAL4 



FIG. 7C 



B8 



C1A. 



C1B 



SYMBOLICALLY EMBED A GLOBALLY -DEFINED HYBRID 
CARTESIAN/POLAR COORDINATE SYSTEM WITHIN THE 3-D SOLID 
GEOMETRY MODEL OF THE HOLOGRAPHIC LASER SCANNING 
SYSTEM, IN ORDER TO SPECIFY THE PROPAGATION OF LASER 
BEAMS GENERATED FROM LASER SCANNING STATION NOS.1, 2, 
3.AND4 RELATIVE TO A GLOBALLY-BASED COORDINATE 
REFERENCE SYSTEM R GLOBAL 



FOR EACH SCANNING FACET PASSING THROUGH EACH LASER 
SCANNING STATION IN THE HOLOGRAPHIC SCANNING SYSTEM, 

USE SPREAD-SHEET BASED MODELING TOOLS TO CREATE A 
ANALYTICAL-BASED LIGHT DIFFRACTION MODEL OF THE LASER 
BEAM TO PROPAGATE FROM THE LASER BEAM PRODUCTION 
MODULE (LBPM), TOWARDS AND THROUGH EACH SCANNING 
FACET ON THE HOLOGRAPHIC SCANNING DISC IN THE SYSTEM 
(i.e. LASER SCANNING BEAM PRODUCTION MODEL) AS THE 
HOLOGRAPHIC SCANNING DISC ROTATES ABOUT ITS AXIS 



CONVERT ANALYTICAL-BASED LIGHT DIFFRACTION MODELS 
CREATED IN STEP C1A INTO CORRESPONDING VECTOR-BASED 
LIGHT DIFFRACTION MODELS OF THE LASER BEAM DIFFRACTION 
PROCESSES AT THE FACETS OF THE HOLOGRAPHIC SCANNING 
DISC OF THE PRESENT INVENTION 
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FIG. 7D 



FOR EACH SCANNING FACET MOVING THROUGH EACH OF THE 
LASER SCANNING STATIONS IN THE SYSTEM, ASSIGN (INITIAL OR 

UPDATED) VALUES TO THE FOLLOWING SCANNING FACET 
PARAMETERS IN THE SPREAD-SHEET MODEL CREATED IN STEP 
C1 A ABOVE: THE INPUT ANGLE A^ THE ELEVATION ANGLE B;, THE 
SKEW ANGLE 9 SKEWi ,THE SCAN ANGLE 8 ROTi ' THE FOCAL LENGTH F t 
OFTHE FACET, AND THE BEAM DIAMETER AT THE POINT OF 
INCIDENCE OF THE LASER BEAM ON THE SCANNING DISC IN 
ORDER TO GENERATE THE DESIRED LASER SCANNING PLANES 
FROM THE SYSTEM UNDER DESIGN. 

I 

FOR EACH SCANNING FACET ON THE SCANNING DISC, CREATE A 

GEOMETRICAL OPTICS MODEL COMPUTING THE EQUALIZED 
FACET AREA A;. FOR EACH FACET WHICH ENSURES EQUALIZED 
LIGHT COLLECTION THEREFROM. 



I 

FOR EACH i-TH SCANNING FACET, NUMERICALLY EVALUATE THE 

RELATIVE LIGHT DIFFRACTION FACTOR H f AND MODULATION 
DEPTH Arij REQUIRED TO ACHIEVE THE SAME AND STORE THESE 

VALUES (FIGS. 10A-10F1) 

i 

FOR EACH i-TH SCANNING FACET, NUMERICALLY EVALUATE THE 
RELATIVE LIGHT COLLECTION EFFICIENCY THEREOF (EQ. NO.7) 

I 

FOR EACH i-TH SCANNING FACET, NUMERICALLY EVALUATE THE 

TOTAL LIGHT COLLECTION AREA A f THEREOF, USING 
SUBSTANTIALLY ALL OF THE SURFACE AREA AVAILABLE ON THE 
SCANNING DISC (EQ. NO.8) 



FIG. 7E 



® 
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r 


FOR EACH i-TH SCANNING FACET, DETERMINE THE MINIMAL 
VALUE FOR THE INNER RADIUS r , WHICH ALLOWS DESIRED 
HOUSING HEIGHT USING REITERATIVE COMPUTATIONAL 

PROCEDURE 


i 


r 


VERIFY THAT GEOMETRICAL PARAMETERS OBTAINED FOR EACH 

i-TH SCANNING FACET ABOVE ALLOW THE FACETS TO BE 
PHYSICALLY LAID OUT ON THE AVAILABLE SURFACE AREA UPON 

THE SCANNING DISC 




r 


CONFIRM THAT LIGHT TRANSMISSION EFFICIENCIES ALONG THE 
OUTGOING AND RELATIVE OPTICAL PATHS (FIG. 9) PRODUCE 
SUFFICIENT POWER LEVELS AT PHOTODETECTION 




t 


USE THE FACET PARAMETERS COMPUTED IN STEP C2A TO 
COMPUTE A SET OF CONSTRUCTION PARAMETERS FOR EACH 
FACET ON THE SCANNING DISC. 




r 


USE THE SET OF CONSTRUCTION PARAMETERS DERIVED IN STEP 
C3A TO CONSTRUCT A CONSTRUCTION VECTOR AND 
THEREAFTER INSTALL THE CONSTRUCTION VECTOR INTO THE 
VECTOR-BASED LIGHT DIFFRACTION MODEL CREATED IN STEP 
C1B OR EACH OF THE FACETS ON THE SCANNING DISC. 




r 



C2E 



C2F 



C2G 



C3A- 



C3B 



0 



FIG. 7F 



0 



SPECIFY THE DEPTH OF FOCUS (DOF) AND THE MINIMUM BEAM 
SPOT SIZE (I.E. CROSS-SECTIONAL DIAMETER) OF THE LASER 
SCANNING PLANES TO BE GENERATED FROM EACH FACET ON 
THE SCANNING DISC AT EACH OF THE LASER SCANNING 

STATIONS. 



USING THE RESULTS FROM STEP C4A ABOVE AND INITIAL FACET 

PARAMETERS, SPECIFY THE FOCAL LENGTH AND NUMERICAL 
APERTURE OF THE VLD LENS IN THE REFRACTION-BASED MODEL 
OF THE LASER BEAM PRODUCTION MODULES USED IN THE 
HOLOGRAPHIC SCANNING SYSTEM SO AS TO PRODUCE LASER 
SCANNING PLANES HAVING THE DOF AND MINIMUM BEAM SPOT 
SIZE CHARACTERISTICS SPECIFIED IN STEP C4A. 




FIG. 7G 



C5 



FOR EACH SCANNING FACET PASSING THROUGH LASER 
SCANNING STATION NO.1, ASSIGN (INITIAL OR UPDATED) 
COORDINATE VALUES FOR THE POSITION AND ORIENTATION 
OF EACH BEAM FOLDING MIRROR EMPLOYED IN THE LASER 
SCANNING STATION NO.1, AND USING SUCH COORDINATE 
VALUES, CONSTRUCT A VECTOR-BASED REFLECTION MODEL 

OF THE PROPAGATION OF THE LASER BEAM DIFFRACTED 
FROM THE SCANNING FACET TOWARDS AND OFF THE LASER 
BEAM FOLDING MIRRORS IN THE LASER SCANNING STATION 
SO AS TO ENABLE THE GEOMETRICAL MODELING OF LASER 
SCANNING PLANE GENERATION PROCESSES DURING EACH 
REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC ABOUT 

ITS AXIS OF ROTATION. 



FOR EACH SCANNING FACET PASSING THROUGH LASER 
SCANNING STATION NO.1, INTEGRATE THE VECTOR-BASED 

DIFFRACTION MODEL CREATED IN STEP C2A AND 
THE VECTOR-BASED REFLECTION MODEL CREATED IN STEP 
C5 SO AS TO CREATE A VECTOR-BASED GEOMETRIC OPTICS 
MODEL OF THE LASER SCANNING PLANE PROCESS 
GENERATED FROM THE SCANNING FACET AS IT IS PASSED 
THROUGH LASER SCANNING STATION NO.1. 



IMPORT THE VECTOR-BASED GEOMETRIC OPTICS MODEL 
CREATED DURING STEP C6A INTO THE 3-D SOLID GEOMETRY 
MODEL OF THE HOLOGRAPHIC SCANNING SYSTEM CREATED 
DURING STEP B3 IN ORDER TO ENABLE THE 3-D SOLID 
GEOMETRY MODEL OF THE HOLOGRAPHIC SCANNING 
SYSTEM TO GENERATE, RELATIVE TO THE GLOBAL 
COORDINATE REFERENCE SYSTEM R GLOBAL , GEOMETRICAL 
MODELS OF THE LASER SCANNING PLANES PRODUCED 
DURING EACH REVOLUTION OF THE HOLOGRAPHIC 
SCANNING DISC. 




FIG. 7H 



OPTIMIZE THE PHYSICAL DIMENSIONS OF EACH BEAM 
FOLDING MIRROR EMPLOYED IN LASER SCANNING STATION 
NO.1 BY PROJECTING THE GEOMETRY OF EACH SCANNING 
FACET ONTO EACH BEAM FOLDING MIRROR INVOLVED IN THE 
GENERATION OF EACH SCANNING PLANE FROM THE LASER 

SCANNING STATION. 



FOR EACH SCANNING FACET PASSING THROUGH LASER 
SCANNING STATION NO.2, ASSIGN (INITIAL OR UPDATED) 
COORDINATE VALUES FOR THE POSITION AND ORIENTATION 
OF EACH BEAM FOLDING MIRROR EMPLOYED IN THE LASER 
SCANNING STATION NO.2, AND USING SUCH COORDINATE 
VALUES, CONSTRUCT A VECTOR-BASED REFLECTION MODEL 

OF THE PROPAGATION OF THE LASER BEAM DIFFRACTED 
FROM THE SCANNING FACET TOWARDS AND OFF THE LASER 
BEAM FOLDING MIRRORS IN THE LASER SCANNING STATION 
SO AS TO ENABLE THE GEOMETRICAL MODELING OF LASER 
SCANNING PLANE GENERATION PROCESSES DURING EACH 
REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC ABOUT 

ITS AXIS OF ROTATION. 



) 
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FIG. 7 J 
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FOR EACH SCANNING FACET PASSING THROUGH LASER 
SCANNING STATION NO.2, INTEGRATE THE VECTOR-BASED 

DIFFRACTION MODEL CREATED IN STEP CA2 AND THE 
VECTOR-BASED REFLECTION MODEL CREATED IN STEP D1 
SO AS TO CREATE A VECTOR-BASED GEOMETRIC OPTICS 

MODEL OF THE LASER SCANNING PLANE PROCESS 
GENERATED FROM THE SCANNING FACET AS IT IS PASSED 
THROUGH LASER SCANNING STATION NO.2. 



IMPORT THE VECTOR-BASED GEOMETRIC OPTICS MODEL 
CREATED DURING STEP D2A INTO THE 3-D SOLID GEOMETRY 
MODEL OF THE HOLOGRAPHIC SCANNING SYSTEM CREATED 
DURING STEP B3 IN ORDER TO ENABLE THE 3-D SOLID 
GEOMETRY MODEL OF THE HOLOGRAPHIC SCANNING 
SYSTEM TO GENERATE, RELATIVE TO THE GLOBAL 
COORDINATE REFERENCE SYSTEM, GEOMETRICAL MODELS 
OF THE LASER SCANNING PLANES PRODUCED DURING EACH 
REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC 



USE THE VECTOR-BASED GEOMETRIC OPTICS MODELS 
EMBODIED WITHIN THE 3-D SOLID GEOMETRY MODEL OF THE 
HOLOGRAPHIC SCANNING SYSTEM TO GRAPHICALLY PLOT 
THE PARTIAL LASER SCANNING PATTERN RESULTING FROM 
LASER SCANNING BEAM PRODUCTION PROCESSES 
SUPPORTED UPON LASER SCANNING STATION NO.2. 



) 
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FIG. 7K 
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FOR EACH SCANNING FACET PASSING THROUGH LASER 
SCANNING STATION NO.3, ASSIGN (INITIAL OR UPDATED) 
COORDINATE VALUES FOR THE POSITION AND ORIENTATION 
OF EACH BEAM FOLDING MIRROR EMPLOYED IN THE LASER 
SCANNING STATION NO.3, AND USING SUCH COORDINATE 
VALUES, CONSTRUCT A VECTOR-BASED REFLECTION MODEL 

OF THE PROPAGATION OF THE LASER BEAM DIFFRACTED 
FROM THE SCANNING FACET TOWARDS AND OFF THE LASER 
BEAM FOLDING MIRRORS IN THE LASER SCANNING STATION 
SO AS TO ENABLE THE GEOMETRICAL MODELING OF LASER 
SCANNING PLANE GENERATION PROCESSES DURING EACH 
REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC ABOUT 

ITS AXIS OF ROTATION. 



E2A 



FOR EACH SCANNING FACET PASSING THROUGH LASER 
SCANNING STATION NO.3, INTEGRATE THE VECTOR-BASED 

DIFFRACTION MODEL CREATED IN STEP C2A AND THE 
VECTOR-BASED REFLECTION MODEL CREATED IN STEP E1 
ABOVE SO AS TO CREATE A VECTOR-BASED GEOMETRIC 
OPTICS MODEL OF THE LASER SCANNING PLANE PROCESS 
GENERATED FROM THE SCANNING FACET AS IT IS PASSED 
THROUGH LASER SCANNING STATION NO.3. 



IMPORT THE VECTOR-BASED GEOMETRIC OPTICS MODEL 
CREATED DURING STEP E2A INTO THE 3-D SOLID GEOMETRY 
MODEL OF THE HOLOGRAPHIC SCANNING SYSTEM CREATED 
DURING STEP B3 IN ORDER TO ENABLE THE 3-D SOLID 
GEOMETRY MODEL OF THE HOLOGRAPHIC SCANNING 
SYSTEM TO GENERATE, RELATIVE TO THE GLOBAL 
COORDINATE REFERENCE SYSTEM, GEOMETRICAL MODELS 
OF THE LASER SCANNING PLANES PRODUCED DURING EACH 
REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC. 
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FIG. 7M 



FOR EACH SCANNING FACET PASSING THROUGH LASER 
SCANNING STATION NO.4, ASSIGN (INITIAL OR UPDATED) 
COORDINATE VALUES FOR THE POSITION AND ORIENTATION 
OF EACH BEAM FOLDING MIRROR EMPLOYED IN THE LASER 
SCANNING STATION NO.4, AND USING SUCH COORDINATE 
VALUES, CONSTRUCT A VECTOR-BASED REFLECTION MODEL 

OF THE PROPAGATION OF THE LASER BEAM DIFFRACTED 
FROM THE SCANNING FACET TOWARDS AND OFF THE LASER 
BEAM FOLDING MIRRORS IN THE LASER SCANNING STATION 
SO AS TO ENABLE THE GEOMETRICAL MODELLING OF LASER 
SCANNING PLANE GENERATION PROCESSES DURING EACH 
REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC ABOUT 

ITS AXIS OF ROTATION. 



FOR EACH SCANNING FACET PASSING THROUGH LASER 
SCANNING STATION NO.4, INTEGRATE THE VECTOR-BASED 

DIFFRACTION MODEL CREATED IN STEP C2A AND THE 
VECTOR-BASED REFLECTION MODEL CREATED IN STEP F1 
ABOVE SO AS TO CREATE A VECTOR-BASED GEOMETRIC 
OPTICS MODEL OF THE LASER SCANNING PLANE PROCESS 
GENERATED FROM THE SCANNING FACET AS IT IS PASSED 
THROUGH LASER SCANNING STATION NO.4. 



IMPORT THE VECTOR-BASED GEOMETRIC OPTICS MODEL 
CREATED DURING STEP F2A INTO THE 3-D SOLID GEOMETRY 
MODEL OF THE HOLOGRAPHIC SCANNING SYSTEM CREATED 
DURING STEP B31N ORDER TO ENABLE THE 3-D SOLID 
GEOMETRY MODEL OF THE HOLOGRAPHIC SCANNING 
SYSTEM TO GENERATE, RELATIVE TO THE GLOBAL 
COORDINATE REFERENCE SYSTEM, GEOMETRICAL MODELS 
OF THE LASER SCANNING PLANES PRODUCED DURING EACH 
REVOLUTION OF THE HOLOGRAPHIC SCANNING DISC. 




FIG. 70 
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LAYOUT HOLOGRAPHIC SCANNING FACETS ON THE 
HOLOGRAPHIC SCANNING DISC USING THE COMPUTED 
EQUALIZED AREAS FOR EACH FACET, AND ANY FACET ORDERING 
IMPOSED FOR SATISFACTION OF A PREDETERMINED 

CONSTRAINT. 




r 


DESIGN THE MULTI-FUNCTION LIGHT DIFFRACTIVE GRATING 
EMPLOYED WITHIN THE LASER BEAM PRODUCTION MODULE OF 
EACH LASER SCANNING STATION IN THE HOLOGRAPHIC 
SCANNING SYSTEM. 


^ 


r 


PERFORM ASTIGMATISM ANALYSIS ON THE RESULTING DESIGN 
OF THE LASER BEAM PRODUCTION MODULE. 




t 


PERFORM DISPERSION ANALYSIS ON THE RESULTING DESIGN 
FOR EACH LASER BEAM PRODUCTION MODULE AND 
HOLOGRAPHIC SCANNING DISC. 
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r 
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FIG. 7Q 




FOR EACH LASER SCANNING STATION, DESIGN THE PARABOLIC 

LIGHT COLLECTION MIRROR DISPOSED BENEATH THE 
HOLOGRAPHIC SCANNING DISC IN RELATION TO THE SPECIFIED 
LOCATION OF THE PHOTODETECTOR ASSOCIATED THEREWITH. 
THIS PROCESS INVOLVES USING THE SPECIFICATIONS FOR THE 

HOLOGRAPHIC SCANNING DISC, SCANNER HOUSING, BEAM 
FOLDING MIRRORS AND RESULTING LASER SCANNING PATTERN. 



PERFORM OFF-BRAGG ANALYSIS ON FOCUSED LIGHT RAYS BEING 
DIRECTED FROM THE PARABOLIC LIGHT COLLECTION MIRROR 
THROUGH THE HOLOGRAPHIC SCANNING DISC, TOWARDS THE 
PHOTODETECTOR WITHIN LASER SCANNING STATION. 



DETERMINE (I.E. MINIMIZE) THE AREA OF PHOTODETECTOR 

EMPLOYED WITHIN THE LIGHT COLLECTION AND 
PHOTODETECTION SUBSYSTEM IN EACH LASER SCANNING 

STATION. 



USE THE FINALIZED MODELS IN ORDER TO CONSTRUCT THE 
HOLOGRAPHIC SCANNING DISC, AND COMPONENTS EMPLOYED 
WITHIN THE HOLOGRAPHIC SCANNING SYSTEM 



ASSEMBLE THE CONSTRUCTED COMPONENTS TO PRODUCE THE 
HOLOGRAPHIC SCANNING SYSTEM 



FIG. 7R 




FIG. 8A 




FIG. 8C 



(1) THE RADIUS TO BEAM-INCIDENT-POINT ON THE HOLOGRAPHIC 
SCANNING DISC, ASSIGNED THE SYMBOLIC NOTATION "r 0 " 

(2) THE DISTANCE FROM RADIUS TO BEAM-INCIDENT-POINT r 0 TO 
BEAM FOLDING MIRROR, ASSIGNED THE SYMBOLIC NOTATION "L" 

(3) THE FACET NO. ON THE HOLOGRAPHIC SCANNING DISC, 
ASSIGNED THE SYMBOLIC NOTATION "i" 

(4) THE DISTANCE FROM THE BEAM INCIDENT POINT ON THE 
VIRTUAL SCANNING DISC TO THE FOCAL PLANE WITHIN WHICH 
THE (i, j)-TH SCAN LINE RESIDES, ASSIGNED THE SYMBOLIC 
NOTATION "fj" 

(5) THE DIAMETER OF THE CROSS-SECTION OF THE LASER BEAM 
SCANNING STATION, ASSIGNED THE SYMBOLIC NOTATION "d B EAM" 

(6) THE ANGULAR GAP BETWEEN ADJACENT HOLOGRAPHIC 
SCANNING FACETS, ASSIGNED THE SYMBOLIC NOTATION "d GA p" 

(7) THE OUTER RADIUS OF THE AVAILABLE LIGHT COLLECTION 
REGION ON THE HOLOGRAPHIC SCANNING DISC, ASSIGNED THE 
SYMBOLIC NOTATION "i-outer" 

(8) THE INNER RADIUS OF THE AVAILABLE LIGHT COLLECTION 
REGION ON THE HOLOGRAPHIC SCANNING FACET, ASSIGNED THE 
SYMBOLIC NOTATION "("inner" 

(9) THE FOCAL LENGTH OF THE i-TH HOLOGRAPHIC SCANNING 
FACET FROM THE SCANNING FACET TO THE CORRESPONDING 
FOCAL PLANE WITHIN THE SCANNING VOLUME, ASSIGNED THE 
SYMBOLIC NOTATION "fj" 

(10) INCIDENT BEAM ANGLE, ASSIGNED THE SYMBOLIC 
NOTATION "Aj" 



FIG. 8D1 



(11) DIFFRACTED BEAM ANGLE, ASSIGNED THE SYMBOLIC 
NOTATION "Bj" 

(12) THE SCAN ANGLE OF THE LASER BEAM, ASSIGNED THE 
SYMBOLIC NOTATION "9 Si " 

(13) THE SCAN MULTIPLICATION FACTOR FOR THE i-TH 
HOLOGRAPHIC FACET, ASSIGNED THE SYMBOLIC NOTATION "Ms" 

(14) THE FACET ROTATION ANGLE FOR THE i-TH HOLOGRAPHIC 
FACET, ASSIGNED THE SYMBOLIC NOTATION "Grot" 

(15) ADJUSTED FACET ROTATION ANGLE ACCOUNTING FOR 
DEADTIME, ASSIGNED THE SYMBOLIC NOTATION "9'rot" 

(16) THE LIGHT COLLECTION EFFICIENCY FACTOR FOR THE i-TH 
HOLOGRAPHIC FACET, NORMALIZED RELATIVE TO THE 16TH 
FACET, ASSIGNED THE SYMBOLIC NOTATION '%" 

(17) THE MAXIMUM LIGHT COLLECTION AREA FOR THE i-TH 
HOLOGRAPHIC FACET, ASSIGNED THE SYMBOLIC NOTATION 
"Area," 

(18) THE ANGLE OF SKEW OF THE DIFFRACTED LASER BEAM AT 
THE CENTER OF THE i-TH HOLOGRAPHIC FACET, ASSIGNED THE 

SYMBOLIC NOTATION "<|>skew" 



FIG. 8D2 



PARAMETER EQUATION USED IN THE SPREADSHEET 
DESIGN OF THE SCANNER 



(1 ) fj Focal Length - f j th facet 

(2) Bj Elevation Angle; e dif i = 90-B, 

(3) e Sj 

(4) m, : = cos (9 skew ) + cos ( X, ) + cos ( B, ) 

(5) 9 roti : = 

M, 



( 6 ) e 'roti : = e mtj + _2beam_ + _ Q gap, 



(7) t 



roti 



®dead 

sin[ B 20 ] 



f 2 o sin( B; ) 



H, 



(8) Areaj : = 71 



2 + r 2 

outer inner 



20 

.2 m 



= 1,2, ...20 



FIG. 8E 
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Geometrical Optics Model For Holographic (Total Out 
And Back) Light Diffraction Efficiency Calculations 



Photodetector 



Transmitted 
(Reflected) Laser 
Beam To 
Photodetector 



Bar Code Symbol 
"Lambertian Scattering" 



Optical Axis 
Of Parabolic 
Mirror 




Slanted 
Fringe 
Structure 



Incident Laser Beam 
(On-Bragg) 

S-Polarized From 
VLD Polarized 
Source 



Parabolic Mirror 



FIG. 10A1 




FIG. 10A2 




Note: The Prime Attached To The Angles (e.g. oc') 
Indicates They Are Projected Into The viewing Plane A-A 



FIG. 10A4 



S AND P DIFFRACTION EFFICIENCY ANALYSIS 
FOR THE MOST GENERAL CASE 

The following analysis takes into consideration slanted fringes, skewed 
design, off-Bragg effects, and disc rotation effects. It is assumed that the 
wavelength does not deviate from the design, and that all scattering, 
absorption, and reflection losses are taken into account by the transmission 
coefficients, t s and t p , which are determined by measurement. 

Definitions: 



0, = Angle of incidence outside the HOE (0,. = 90° - A)\ 

a = Angle of incidence inside the HOE; 

0 d = Angle of diffraction outside the HOE (0. = 90° - B)\ 

f3 = Angle of diffraction inside the HOE; 

<p skew = Skew angle of the HOE; 

0 = Tilt of Bragg planes (<p = ^for no tilt); 

9 R = Rotation angle of HOE grating ( 0 R - 0 Ro when facet is centered) 

L = Separation of the Bragg planes; 

T = Thickness of the HOE medium; 

d = HOE surface fringe spacing; 

n 0 = Average refractive index of HOE medium; 

n 1 = Modulation (i.e. amplitude of periodic variation) of refractive 
index; 

X a = Laser wavelength in air; 

t s = Transmission of S-polariztion through disc considering losses; 

t = Transmission of P-polariztion through disc considering losses. 
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(1) a = arcsin sin e / 

n o 

(2) p = arcsin ( sin Q d 

n o 

(3) <|> = arcsin ( cosp - cosa ] + 90 



2(1 + sina sinp cos<|) skew - cosa cosp) 



(4) d = / V 

V sin2e c/ sin2( IW + ( sine , + sine d C0S( f> s /c e J 2 



(5) 


L = 


c/ sin<|) 


(6) 




= cosa 


(7) 




= cosa 



n 0 L 

(8) N = 7C/? 1 T 

(9) 9^ = arcsin (_^_sinG d sin^ 

1 ^a 

(10) r= 27t(sina sin(() cos9 Ro + cosa cos{|)) nk a 



L n 0 L 2 



(11) s=r J_ 

2C C 



FIG. 10C1 



(12) k = -sinoc sinp cos(|> s/few + cosoc cosp 



(13) E r A^ N2 + S2 )> 
1 + S 2 



(14) E perp 



N 2 

= (sin(V(^) 2 + S 2 )) : 
1 + S 2 



(Nk) 2 

(15) P par = -sincf) sine^ 

sin(arccos(-sin a sinct> cos + cosa cos 



(16) P perp =l-P par 



Diffraction efficiencies E s and E p , given losses t s and t p which are specific 
to each polarization and include absorption, scattering, and reflection 
losses from AR coatings on the outer surfaces of the disc glass. 



(17) E = (E P +E P )t 

\ ' '—s * perp par par perp' s 

(18) E n = (EP+ EP)t 

v ' P v perp perp par par 7 P 



Total out-and-back efficiency is given by t s , assuming no polarizer in front 
of the photodetector 

(18) T S =E S E s + E P 
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(20) e d {6 R } = arcsin / (K_\ 2 - 2 K cos6 R sine,. + sin 2 6 ( . 

V 1 d 1 d 



< 21 ) 4>s k e W @R} = arCtan 



sin9 £ 



L cos6 R - (d /X a )sin9, J 



(22) 7;{e /max }cos9 d | e R = e Ro -y s e ROT = ^W^dle^-^, 



R "Ro '^ROTi 



The design efficiency of the i-th facet is given by evaluating 7 s at the design 
incidence angle, 9,, the design rotation angle, Q Ro , and the index modulation 
that maximizes the efficiency, n 1max , given the true maximum efficiency 
incidence angle, Q imax , that results from equation (22). The relative 
efficiency, H n is then given by dividing. the total efficiency of the first facet 
by that of the i-th facet. 



(23) H,= 



s1 



^s/{®/'®/max' ^Ro'^lmax} 
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Diffraction Efficiency Variation with Disc Rotation 



Facet 1 : before optimization 

Fixed design parameters: 
6, = 38° Qj=52° 



§skew ~ 0° 



X a = 650 nm 



DCG parameters: 
T = 2.5 microns 



n 0 = 1.40 



n x = 0.121 



Relative signal is equal to T s cos§ d . Note that the relative signal falls off as the 
rotation angle goes away from zero. This is for a maximum efficiency 
incidence angle, 9 /max > equal to 0 ; (38°). This indicates a non-optimum 
configuration. 
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Diffraction Efficiency Variation with Disc Rotation 

Facet 1 : after optimization 
Fixed design parameters: 

9, = 38° 9^=52° $skew = 0° X a = 650nm 

DCG parameters: 

T= 2.5 microns n 0 = 1.40 n x = 0.121 

Relative signal is equal to T^cosG^ . Note that the relative signal at a rotation 
angle of +/-13° is equal to the relative signal at 0°. This is achieved when the 
maximum efficiency incidence angle, 9, max , is 36.3°. 
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Diffraction Efficiency Variation with Disc Rotation 

Facet 7: before optimization 
Fixed design parameters: 

6/ = 38° 0^=32° <|W = 28 0 K = 650 nm 

DCG parameters: 

T= 2.5 microns tt 0 =1.40 «i = 0.121 

Relative signal is equal to r 5 cos9^ . Note that the relative signal falls off as the 
rotation angle goes from negative to positive. This is for a maximum efficiency 
incidence angle, 0 /max) equal to 9, (38°). This indicates a non-optimum 
configuration. 
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Diffraction Efficiency Variation with Disc Rotation 



Facet 7: after optimization 
Fixed design parameters: 

6,-38° 9^=32° $ skew = 2S° X a = 650 nm 

DCG parameters: 

T= 2.5 microns n 0 = 1.40 w, -0.121 

Relative signal is equal to T s cosQ d . Note that the relative signal at a rotation 
angle of -14° is equal to the relative signal at +14°. This is achieved when the 
maximum efficiency incidence angle, 0/ max > is 35.8°. 
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FIG. 10G1 




FACET LIGHT COLLECTION EFFICIENCY 



Z = DISTANCE FROM SCAN POINT ON LABEL ( MAX = FOCAL) 
LENGTH PLUS 5 INCHES 

Area = AREA OF CORRESPONDING FACET 

R = RADIUS OF EFFECTIVE CIRCULAR APERTURE 

R.pr = RADIUS OF PROJECTED EFFECTIVE CIRCULAR APERTURE 

B = ANGLE BETWEEN OUTGOING BEAM AND THE DISC 

§ = HALF-ANGLE SUBTENDED BY EFFECTIVE PROJECTED 
CIRCULAR APERTURE 

E.L = LAMBERTIAN LIGHT COLLECTION EFFICIENCY 



FIG. 10G2 




8 : = 



atan 



Z J 



: = (sin (8) ) 2 



FIG. 10G3 
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<— Do not enter a value here. Entered automatically. 
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| 3.1415927 


















Resolution criterion (% of peak intensity) 


intensity diameter to the 1/e-squared diameter) 








Enter values in the row below. 
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Dreadsheet) 
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iGaussian beam analysis for a multi-focal-plane scanner GausStratos_4.xls I 
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| Beam diameter as a function of the distance from the focusing holographic facet 












I (Linked from Trunc spreadsheet) 
















1 5.421 






(Linked from Disk s| 
















Half power beam diameters (in mils) for each scan line 
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| (Linked from Disk spreadsheet] 


















I 17.7| 


A 
II 
II 
II 

o 
> 


1 13.6 




| 11.741 




















LU 




















CO 




1 15.6| 




I 16.2| 




I 358.141 


1 10.221 
















CO 




Q 

O 














|%09 | 








Ti- 




CM 




1 13.5| 




I 13-9| 






1 8 - 76 l 








in 








CM 










o 
to 
co 






I 1.31| 




| 0.505384 


o 

CO 




CM 
00 




es: 








11.5| 


26.24| 


11.7| 




Total facet angular sweep (degrees): 


7.401 




















GQ 
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Wavelength (nm): | 




| Beam diameter 


at the facet (mm): | 






I (P2 is the ratio of the 




Rayleigh range (in.): 




Total number of focal plan 


| (See note at cell A196) 


Focal plane: 




Waist location (Zmin): 


Rot. Angle: 


Geom. focal length: | 




{Beam diameter 1 


at focal point (mils) 


(1/e-squared) 




Required resolution (mils) 


(Minimum bar width - X) 
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CREATE 3-D GEOMETRICAL MODEL OF HOLOGRAPHIC LASER 
SCANNER BASED ON PARAMETERS OBTAINED FROM PRIOR 
STAGES OF SCANNER DESIGN METHOD, EXCLUDING PARABOLIC 
LIGHT COLLECTION MIRRORS AND PHOTODETECTORS 



PERFORM BRAGG SENSITIVITY ANALYSIS ON EACH 
HOLOGRAPHIC FACET USING THE HSD WORKSTATION TO 
DETERMINE THE RANGE OF INCIDENCE ANGLES OFF BRAGG, 
AT WHICH LIGHT RAYS REFLECTED OFF THE PARABOLIC MIRROR 
WILL BE TRANSMITTED THROUGH THE FACETS WITH MINIMUM 
DIFFRACTION (I.E. MAXIMUM TRANSMISSION) TOWARDS THE 
PHOTODETECTOR DURING LIGHT COLLECTION OPERATIONS 



USE THE HSD WORKSTATION TO TRACE ALL INCOMING LIGHT 
RAYS REFLECTED OFF A BAR CODE SYMBOL ANYWHERE IN THE 

SPECIFIED SCANNING VOLUME ONTO THE FACETS OF THE 
PREDESIGNED SCANNING DISC, AND BASED ON THIS ANALYSIS, 
IDENTIFY A POINT(S) ABOVE THE SCANNING DISC AND BELOW 
TOP EDGE OF ASSOCIATED BEAM FOLDING MIRROR, WHICH IS 

FREE OF INCOMING LIGHT RAYS 



LOCATE THE POSITION ( I.E. CENTER AND OPTICAL AXIS 
ORIENTATION) OF THE PHOTODETECTORS USING THE "RAY FREE 
POINT" INFORMATION ACQUIRED DURING BLOCK C ABOVE 



FIG. 16A 



SELECT A GENERALIZED PARABOLIC SURFACE FUNCTION FOR 
USE IN SPECIFYING THE PARABOLIC LIGHT FOCUSING MIRROR 
OF EACH LIGHT COLLECTION / DETECTION SUBSYSTEM 



EXTEND THE GEOMETRICAL MODEL OF THE LIGHT 
COLLECTION / DETECTION SUBSYSTEM BY ADDING A LINE 
THERETO WHICH EXTENDS AT ONE OF ITS ENDS, FROM THE 

CENTER LOCATION OF THE PHOTODETECTOR PARALLEL 
TO AND ABOVE THE LINE OF LASER BEAM INCIDENCE TO THE 

SCANNING DISC 



SPECIFYING THE FOCAL LENGTH PARAMETER OF THE PARABOLIC 
SURFACE FUNCTION USED TO REPRESENT THE PARABOLIC 
MIRROR IN THE GEOMETRICAL MODEL OF THE LIGHT 
COLLECTION / DETECTION SUBSYSTEM 



DETERMINE WHICH HOLOGRAPHIC FACET 
ON THE SCANNING DISC DESIGN HAS THE SMALLEST 
INNER RADIUS, r v AND THEN USE THIS FACET 
TO DETERMINE THE LENGTHWISE DIMENSION OF THE 
PARABOLIC SURFACE PATH IN THE GEOMETRICAL MODEL 
OF THE LIGHT COLLECTION / DETECTION SUBSYSTEM 



FIG. 16B 



DETERMINE THE HOLOGRAPHIC FACET HAVING THE GREATEST 
ANGULAR SWEEP 0 C , AICCD ON THE SCANNING DISC 



USE THE GEOMETRICAL MODEL OF THE SUBSYSTEM AND THE 
FACET HAVING THE GREATEST ANGULAR SWEEP TO DETERMINE 
THE LEFT AND RIGHT SURFACE BOUNDARIES TO BE IMPOSED 
ON THE WIDTHWISE DIMENSIONS OF THE PARABOLIC 
SURFACE PATCH 



REVISE GEOMETRICAL MODEL 
OF LIGHT COLLECTION / DETECTION SUBSYSTEM USING THE 
COMPLETE SPECIFICATION OF THE PARABOLIC SURFACE PATCH 
FOR THE PARABOLIC LIGHT FOCUSING MIRROR 



ANALYZE THE REVISED GEOMETRICAL MODEL ON THE HSD 
WORKSTATION TO CONFIRM THAT ALL LIGHT RAYS 
REFLECTED OFF THE PARABOLIC FOCUSING MIRROR ARE 
TRANSMITTED THROUGH THE RESPECTIVE HOLOGRAPHIC 
FACETS OFF BRAGG, TO ENSURE THAT MAXIMUM OPTICAL 

POWER IS TRANSMITTED TO THE PHOTODETECTOR 
( AT THE FOCAL POINT OF THE MIRROR) FOR DETECTION 



FIG. 16C 
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FIG. 17A 
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